Objective-To study the geographical variations in Disability Free Life Expectancy (DFLE) at birth (DFLEb) and at 65 years (DFLE65) in Spain and to identify the main factors that explain these variations. Design-Ecological study with the 50 provinces of Spain as the units of analysis. Sullivan's method is used to calculate DFLE for each province based on information from the death registry and the survey on disabilities, impairments and handicaps. Information on the independent variables-socioeconomic level, factors related with the health system and risk factors-was taken from various sources. Main outcome measure-Simple correlation coeYcients were obtained between each dependent variable (DFLEb and DLFE65) and the independent variables. Two multiple linear regression models were fit to obtain the best set of factors that explain the geographical distribution of DFLEb and DLFE65. 
For several decades the classic health indicators based on morbidity and mortality have been shown to be insuYcient to rigorously describe, monitor and evaluate the health status and health needs of the population. As a result, a series of indicators intending to reflect population's health status more accurately have arisen including mortality as well as factors related with perceived health or the consequences of disease. One of the most widely accepted and used of these indicators today is Disability Free Life Expectancy (DFLE), 1 which has also been proposed by the Regional OYce for Europe of the World Health Organisation (WHO) to evaluate the strategy of Health for All. 2 Since Sanders defined the indicator conceptually in 1964 3 and Sullivan developed a method to calculate it, 4 the DFLE has become increasingly available, and many countries currently have reasonable estimates of the indicator. The fact that DFLE combines data on mortality and disability and that it is relatively easy to calculate has made it one of the main candidates for routine use in diVerent areas of health policy, such as monitoring and evaluating the health status of the population, studying health inequalities among diVerent population groups or allocating resources in the short-term. 5 In health policy, one factor that favours the use of health indicators in general, and of DFLE in particular, is that they can be used to obtain estimates broken down by diVerent variables of interest, such as socioeconomic level or geographical distribution. To date, few countries have been able to obtain such estimates. 6 The possible geographical diVerences among areas within a country are of great interest in public health and health policy as they show the potential for prevention that still exists. The finding of north-south diVerences in a country, for example, should suggest consideration of what factors aVecting such variations can be modified. Thus, the study of the major variables and factors that determine these geographical diVerences is a matter of great interest because it helps to provide rational guidance on possible activities to reduce such diVerences and, in short, to increase the level of health in the whole population.
Few studies have investigated the factors that explain such variations. To our knowledge, only one study in England has analysed the factors involved in regional variations. 5 The objective of this work is to study the distribution of DFLE indicators among provinces in Spain and to analyse the main factors explaining this distribution.
Methods
We carried out an ecological study using the 50 provinces that make up the nation of Spain as units of analysis. The dependent study variables are DFLE at birth (DFLEb) and at 65 years of age (DFLE65).
The DFLE indicators for each province were calculated by Sullivan's method. 4 The calculation is made using a life table in which death is weighted by the prevalence of disability. Information on permanent disability was taken from the survey on disabilities, impairments and handicaps that the National Institute of Statistics (INE in Spanish) carried out in 1986. 7 In this survey disability was considered to be any permanent limitation of activity that lasted or was expected to last for more than one year. The survey included basic activities in accordance with the criteria of the International Classification of Impairments, Disabilities and Handicaps. 8 The data on number of deaths are taken from the INE publication on the Natural Movement of the Spanish Population in 1986. 9 The populations used to calculate the indicators were obtained from the Municipal Census of the population of 1 April 1986, also published by the INE.
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The independent variables considered were socioeconomic factors, variables related with the health system and certain risk factors associated with lifestyle. The socioeconomic factors used were the illiteracy rate per 1000 population, the percentage of the unemployed population and the percentage of rural population (those living in towns with fewer than 50 000 inhabitants), all of this information was obtained from the 1986 Municipal Census of the population. 10 We also used the number of immigrants per 100 000 population, the number of automobiles per capita and the number of telephone lines per 1000 population, information that was obtained from the Annual Statistics of the INE.
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The variables related to the health care system were the number of hospital beds per 1000 population and the mean hospital stay, both of which were obtained from the Statistics of Inpatient Health Facilities. 12 We also used the number of physicians per 1000 population published in the Annual Statistics of the INE.
The risk factors related to behaviour and lifestyle were the percentage of smokers in the population and the percentage of the population that consumes alcohol, both indicators obtained from the National Health Survey carried out by the Ministry of Health in 1987 in a representative sample of the noninstitutionalised Spanish population. 13 Finally, we included as an independent variable the percentage of the population 65 years of age and older, as an indicator of a type of society.
The statistical analysis was made separately for each of the two dependent variables: DFLEb and DFLE65. Basic descriptive statistics were calculated. The quartile distribution of the main variables are presented using maps. Pearson correlation coeYcients were calculated between the independent variables and each of the dependent variables. Finally, variables showing a statistically significant simple association with the dependent variable, those with a high correlation coeYcient even being not significant and those other study variables of conceptual relevance for public health purposes were used to fit a multiple linear regression model for each of the dependent variables, to obtain the model that included the variables that best explain the geographical distribution of DFLE.
The calculations and statistical analyses were made using the statistical package SPSS.
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Results
The descriptive analysis of the data shows large variations in the geographical distribution of DFLE. In figure 1 it can be observed that an area in the south and west of Spain has the lowest indices of DFLE-both DFLEb and EFLE65-which may be defining a northsouth and east-west gradient. This large variation can also be seen in table 1, where a diVerence of 12 years can be seen between the provinces with the highest and lowest DFLEb. In the case of DFLE65 the diVerence is more than nine years. Table 1 also shows large variations among Spanish provinces for most of the variables included in the study. Especially notable are the large diVerences seen in the illiteracy rate, the unemployment rate and the percentage of smokers in the population. Figure 2 shows the geographical distribution of these three variables.
The simple correlation analysis shows several variables that are significantly associated with DFLE. Besides the percentage of population 65 years and older, the illiteracy and unemployment rates and the number of physicians per 1000 population had statistically significant correlation coeYcients with DFLEb. In the case of DFLE65, the percentage of smokers also showed a statistically significant correlation coeYcient. Other variables such as the percentage of rural population, mean duration of hospital stay, number of beds per 1000 population or alcohol consumption had rather high correlation coeYcients (> 0.30), but these did not reach statistical significance. Table 2 shows the final results of the multiple regression analysis made on the dependent variables, in which we initially included the independent variables that had shown a statistically significant association or a high correlation coeYcient in the simple analysis. As can be seen, in the case of DFLEb, the illiteracy rate, unemployment rate and percentage of smokers were finally selected in the model, which explained slightly more than 40% of the In the case of DFLE65, the model that includes illiteracy and the percentage of smokers in the population explains about 30% of the variation. The variable with the most influence on the geographical distribution of DFLE65 was the illiteracy rate. Smoking showed a larger influence on the geographical distribution of DFLE65 than DFLEb, both in terms of the magnitude of the regression coeYcient and statistical significance.
Discussion
The results of this study highlight two important facts. Firstly, the DFLE indicators show large variations among provinces in Spain, with a north-south and east-west geographical pattern. Secondly, these diVerences are mainly explained by level of education, unemployment and smoking.
The few studies that have looked at geographical diVerences in DFLE have yielded results showing large variations in this indicator. In Canada there were diVerences of more than three years in DFLE among the country's five regions. 15 In Australia, 16 the diVerences were larger: up to eight years in DFLEb in women, and almost three years in DFLE65 among the eight regions of the country. Using data from Great Britain, Bebbington also demonstrates how widely the indicator varies among the 10 regions studied, with diVerences of about five and two years in DFLEb and DFLE65, respectively. 17 These diVerences are smaller than those observed in the present work in Spain. The larger number of geographical units of analysis in Spain (50 provinces) may produce the eVect of a greater magnitude in the diVerences. In fact, in England, when geographical diVerences in DFLE are studied by local authority area, the diVerences are much greater than when they are analysed by health authorities. 5 It is also possible that in Spain-a country with a lower level of socioeconomic development than Canada, Australia or Great Britain-the diVerences and inequalities by place of residence are larger than in these other countries.
Regardless of the magnitude of the diVerences, the consistent geographical variation in DFLE can be interpreted from the perspective of the indicator's validity for monitoring population health, and from the point of view of the practical utility of DFLE indicators in public health. One of the commonly accepted criteria for evaluating the validity of health indicators is that they should show some variation in accordance with the main variables of epidemiological interest, of which geographical area is one. 18 Thus, the variations observed among the Spanish provinces can be interpreted as showing the goodness of the indicator in reflecting the health status of diVerent populations in the country and in capturing the diVerences among them. One of the most attractive uses of DFLE is for geographical comparisons, although major obstacles remain in making rigorous comparisons at the international level. 19 However, these problems do not exist within a single country such as Spain, where the disability measures are obtained from the same study, and comparisons among geographical regions are less likely to present any information bias.
The results obtained by multiple linear regression analysis show that the most important explanatory factor for the provincial diVerences in DFLE is the illiteracy rate. The unemployment rate also had an important eVect on the geographical distribution of DFLEb. Both of these factors show that social and economic circumstances are more important determinants of health diVerences among populations than other factors related, for example, with the availability of health resources.
Besides this study, the factors that explain geographical diVerences in indicators of healthy life expectancy were studied using data from England and Wales. 5 The results showed that social class, unemployment rate, retirement migration and the percentage of nonwhite population were the main variables implicated in the diVerences. Thus, the results are similar to those found in this study, especially with regard to unemployment rate and social class (educational level in this study). The immigrant population did not show any eVect on the geographical distribution of DFLE in Spain. The reason for the small explanatory power may be that Spain has a shorter history of taking in immigrant populations, or perhaps the eVect of the immigrant population, visible in the simple analysis, was absorbed by variables with larger explanatory power, such as illiteracy and unemployment.
SES has been shown, by cross sectional, longitudinal and ecological studies as one of the main determinants of health. [20] [21] [22] [23] [24] Although there is not much evidence of this association in the case of DFLE, all studies that have investigated this matter in Finland, 25 the United States, 26 Holland, 27 Canada 15 or Great Britain, 17 have shown that people with lower educational level have lower DFLE. The fact that we also found this same association at the ecological level of analysis shows that possibilities for intervention exist, suggesting that modifying the educational level or the unemployment rate in the population may translate into changes in DFLE.
Another important finding of this study is the strong influence of smoking on the geographical distribution of DFLE at 65 years of age. Recently, a longitudinal study in the United States has shown that people with a lower level of exposure to risk factors, including tobacco consumption, have less disability over their lifetime and that the age at which disability appears, when it does occur, is later. 28 Ferrucci et al have also shown that not smoking is powerful predictor of a long and healthy life. 29 DFLE has been proposed as an appropriate indicator for the short-term allocation of social and health resources. 1 5 The fact that it is associated with certain health resource indicators (such as the number of physicians per 1000 population), but at the same time is independent of them when controlling for other health related factors such as SES and risk factors linked with lifestyle, may indicate that DFLE is a measure of social and health needs in the population that is independent of resources and the use of social and health services. This makes it an optimum indicator for allocating resources. It has been mentioned that, given the extremely high correlation between indicators of DFLE and mortality, the latter would still be valid when making decisions about algorithms for distributing resources. However, the diVerences from region to region are larger when we use DFLE than when we use mortality alone, 5 30 therefore social and health resources would be allocated more equitably among diVerent geographical areas if they were based on indicators that take into consideration not only the length of life, but also the level of morbidity or disability.
The results of this work should be viewed with caution. One limitation is the ecological nature of the investigation. However, the objective of this study is neither to draw conclusions about the factors determining the health of people, nor to establish causal associations about population health and the factors that determine it, but to identify the factors involved in the regional diVerences of DFLE. From this population perspective, it seems that ecological studies would be the most appropriate type of study, as they would try to establish relations at the population level, which is the arena for public health action.
The institutionalised population was excluded from the disability estimates. This may have modified the results obtained. However, assuming that regions with greater disability would have larger institutionalised populations than those with a lower prevalence of disability, even larger diVerences would have been found if we had included the institutionalised population. Thus, the possible bias derived from excluding the institutionalised population would have had the eVect of reducing these diVerences, but would never have artificially increased them.
In conclusion, the factors that explain the geographical distribution of DFLE in Spainsocioeconomic level (illiteracy and unemployment) and smoking-support the indicator's validity as a reflection of the health status of the population. DFLE indicators can play an important part in several areas of health policy, such as monitoring the health of the population, studying health inequalities and their trends over time and establishing the health needs of the population. Consolidation of the DFLE indicator in these areas will depend on both routine availability of information and its acceptance by those responsible for health policy. Ever more consistent evidence continues to emerge of this indicator's ability to reflect the health of the population.
